This paper describes a part of the research has done in the framework of the European Union funded project Intelligent Materials for Noise Reduction (InMAR). The aim of this research was to develop a sound insulation package that can increase the sound transmission loss of the car steel structure. The concept is called "Active Acoustic Barrier Control (AABC)". The main component of this package is a special active device: the EMA -Elastic Mass Actuator based on the Panphonics' G1 panel loudspeaker element. In this paper some special modeling questions regarding to this special G1 flat loudspeaker will be described. Because of the specific operational properties of the panel, using of the traditional methods like FEM and BEM was not possible. Thus, a new numerical model was developed based on the finite differential method. The investigation focuses on the mechanical behavior of the panel and describes the sound radiation properties also.
INTRODUCTION
In this paper some special modelling questions regarding to the Panphonics G1 flat loudspeaker will be described. The work has been started the framework of the European Union funded project Intelligent Materials for Noise Reduction (InMAR). The aim of this research work is to develop a sound insulation package that can increase the sound transmission loss of the car steel structure by active means. The main component of this package is the Panphonics' G1 panel loudspeaker element. This panel loudspeaker is a special device based on the electro mechanical film (EMFi) concept.
G1 LOUDSPEAKER MODEL

Two dimensional model
The structure of G1 loudspeaker situated on xy plane can be seen on Figure 3 . As one can see the structure of the panel is homogeneous toward to the direction of y . This property suggested a two dimensional model development in the first instance. First, the model of the panel membrane was created. It is modelled as a two dimensional thin bar with the length of L and the height of h and a pretension T at both ends of it. Due to the relatively high value of membrane Young's modulus a simple string or rod model could not be sufficient. Thus, in order to describe the motion of this kind of membrane the partial differential equation of a thin bar with pretension was used as the very basic of our model [1] 
(1) where u  x , t  denotes the transversal displacement of the membrane and f  x ,t  describes the external transverse force per unit area along the bar. Since the structure is homogeneous along the axis x E  x  , T  x  , I  x and m x =h   x (where  x is the density of the bar material) can be substituted with constant values. Moreover, the equation was simplified assuming only harmonic functions as the resulted displacement.
Finite Differential Method
Instead of solving the differential equation analytically to calculate the displacement of the membrane, a finite differential method was used 1 . Consider a function f  x  over an L length interval. Let us divide this interval into N −1 segment e.g. consider N points of f  x  and
. Let us express the second order derivative of f  x  as
where
Since that f  x  represents a function related to a mechanical problem the value of a and b in B N  2 matrix depend on the boundary conditions of the corresponding differential equation. The accuracy of this estimated derivative value depend on the length of  x , thus the higher value of N increases the accuracy of the estimation. Based on this method the higher order derivative values of the f  x  could be expressed also.
Finite model of the bar
Based on the method explained previously rewrite the Eq. (1) and yields:
with the following definitions
where I N denote an N order identity matrix.
1 Let us consider f  x  as a normal function over a finite interval. Divide this interval into N points. The value of the derivative function of f  x  at the point x i can be defined as:
THREE DIMENSIONAL MODEL
As in the two dimensional case, the development started with the bending vibration of a plate. This can be formulated as :
where u  x , y , t  is the transversal displacement of the plate. In this case the L x by L y interval was divided into N x point towards to x and N y points towards to y direction respectively. The finite displacement function can be defined as the element of the two dimensional array U i , j ≡u  x i , y j  and the displacement vector u can be written
Rewrite this equation into the "matrix" form:
The special B matrices are defined as: B 2x =I N y°B N x  2 , and B 2y =B N y
, where the ° operator indicates the Kronecker product of the matrices.
CALCULATION METHOD
The force, acting on the membrane of G1 is non-linear and depend on the displacement of the membrane. Thus, a simple calculation based on the initial force distribution on the membrane will be incorrect because when the membrane changes its initial position the force distribution also changes. In order to find a proper solution an iteration method was used. In the first step the theoretical displacement based on the initial force is calculated
Afterwards this displacement is rescaled and based on its current value the actual force is recalculated
where f g1  u define the displacement dependent force function and s is the scaling coefficient. This iteration procedure has to be repeated until the difference between the elements of the displacement sequence is small enough e.g. the solution is convergent.
G1 MODEL
In order to model the mechanical behaviour of the whole G1 panel, our model was extended with two additional thin bars as the model of the stator material on the both side of the foil. To model the real situation the corner elements of each cell are connected to the appropriate stator elements with rigid sticks (indicated with black vertical lines on Figure 3 ), e.g. these elements must move together.
RESULTED MOVEMENT
Based on the previously described considerations, now we can rewrite the equation of motion and solve it. The movement of the foil and the cell cavities can be seen on the Figure  2 . and an example mode shape can be seen on Figure 3 . As one can see the whole structure is moving not only the membranes, so the movement can be divided into to groups: the local movement of the foil and the global movement of the panel. A detailed measurement has been done by the University of Stockholm (KTH). The results related to the local movement of the membrane and the global movement of the panel was found quite similar
CONCLUSIONS
This paper presented some special modelling questions related to Panphonics' G1 flat loudspeaker. Because of the specific operational properties of the panel, a special finite differential method based model was developed. By means of this method the basic differential equations of the mechanical system can be transformed into matrix equations.
Due to the scattering of the initial mechanical parameters of the G1, the results are also various. In order to get more reliable results a detailed verification measurement is being done.
Based on some earlier measurements these models are very promising, however their model cannot handle the effect of the porous material related to the generated air flow and the effect of the air gaps of cell cavities. Based on the previously described theory and considerations a more advanced model is being developed and being checked now. 
